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ENPEP-BALANCE is Designed to Analyze the Entire
Energy System in an Integrated Framework

M Reveal cross-sectoral effects; provide structure for
consistent energy “planning” program

MIntegrated framework allows evaluation of feedback effects
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ENPEP-BALANCE Determines the Equilibrium
Supply/Demand Balance of the Energy System
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ENPEP-BALANCE Uses an Energy Network
to Simulate Energy Markets




Using Nodes and Links, Each Sector is Modeled Differently
Depending on Data Availability and Type of Issue Analyzed
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The Following Node Types are Available to Model Different
Energy Activities

B Demand
B Conversion Processes | i ‘ i | :
I I e |
[ | Resource Processes Single In-/Output Multi Output Multi Input Transport
B Economic Processes @

Depletable Renewable

B Electricity Dispatch and

Thermal and Hydro Units

Decision/Allocation Pricing

e b
Central Dispatch Thermal Unit Hydro Unit
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Nodes Are a Series of Simple Sub-Models,
Each With a Set of Quantity and Price Equations

W Price oy, = f(Price )
Q. — Example conversion process
P out Revenue = Cost
Q, X P, = Q;, x P,, + O&M + Capital
Conversion Recovery

Process

¥ Quantity,,,, = f(Quantity; )
— Example conversion process

Qout = Qin -x y
in Y: conversion efficiency
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The Links Connect the Nodes and Pass Information from One
Node to Another

Q out,2

P out,2

Conversion
Process

Q in,2
P in,2
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At the Decision Nodes, Fuels and Technologies Compete for
Future Market Shares
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The Electricity Dispatch Node Handles the Electric Sector in a

Special Way

21 .............................. . Transmission / Distribution
Vi i i,
ELECTRICITY DEMAND :: ——— Load\ rseer:ts;':lcei;i:;
FROM THE DOWN PASS :; E : Mi=palchlordan
' o ;.0° 2 s (traction) 1_ _ ‘x_':;::::::::::‘.’. ....................... .
A - [ o . Y e Up to 999 I
S e " | Electric ey s : thermal+hydro units :
m .: -....l.l lllllllllllllllllllll 3
g 8 3 I Sector >Dispatching R :
S99 |Ut020 ...... & ~¥Special hydro
:'E, 'g o | ger?eration gover plal:lt ;
) o _S output links representatlonl
‘g .g ‘E I RECEEEELETELEEIS :.-' I
gss | |
fue |
To" | Coal Nuclear Hydro |
' <= | Plants Plants Plants Plants |
FUELpricEs | | | L Upto20
FROM THE UP PASS Coal Nuclear Fuel Gas P kel
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ENPEP-BALANCE Uses a Logit-Function to Estimate Market
Shares of Competing Commodities at the Decision Node

Qdemand 1 ¥ Y price sensitivity for
_— this decision process
MS QI P, x PM, MS: market share
@ ' oa+q, ' v pree
1 . 1 PM: premium multiplier
P1/Q1 P2\ Q2 I:’1 X PM1 P2 X PMZ Q: quantity
1.0 u o R R R

Increasing
price sensitivity

0.5 fvoveereesesees i B A
AN XX

Market Share Product 1

0.0 T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

Relative Price (P1/P2)

X=y=1 O y=3 /—~y=5 <—y=10 -0~y =50
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The ENPEP-BALANCE Nonlinear Equilibrium Algorithm
IS Based on Decentralized Decision Making

B Market share calculation assumes “ideal market” subject to government
policies, fuel availability, and market constraints

A lag factor accounts for delays in capital stock turnover

The result is a nonlinear, market-based equilibrium solution
within policy constraints, not a simple, linear optimization

B No single person or organization controls all energy prices and decisions
on energy use

® All decision makers optimize their energy choices based on their own
needs and desires

1.0 OO OO el e il I - - - = = o e o s WO
§ -
3 E P
& 3 Optimization
£ 0.5 oo R TR oo mmrmmeem s o
< KXeKooy D05 q-rrrere e
[72) K=Ky - ©
s K=K XXX ﬁ
{ -
s £
©ooo oo tE‘
“j~H A
0.0 T T T T O e e el pori
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Relative Price (P1/P2) 0.0 T ‘ T , w
0.00 0.50 1.00 1.50 2.00 2.50
|[-x-y=1 0 y=3 ~—y=5—<—y=10 <—y=50] Relative Price (P1/P2)
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ENPEP-BALANCE Uses an Up/Down Pass Sequence and the Jacobi
Iterative Technique to Determine the Market Clearing Prices and
Quantities (Market Equilibrium)
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The Up-Pass and Down-Pass Tell the Model in Which Sequence
to Perform the Calculations (Which Node Comes When)

B Up-Pass and Down-Pass Sequences are repeated
until convergence is achieved

CONVERGENCE IS ACHIEVED WHEN:
B Q1 (down) = Q1 (up) +/- Tolerance Level
B Q2 (down) = Q2 (up) +/- Tolerance Level
B The final result is a converged solution

B The solution is in equilibrium across the whole
network
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Execution of the Up and Down-Pass Sequencer
iIn ENPEP-BALANCE

B Run the Up/Down Pass Sequencer before running ENPEP-BALANCE for the
first time

B This will determine the “node visitation sequence”

M Later, the Up/Down Pass must be executed only if there has been a CHANGE
IN THE STRUCTURE of the energy network

— Add/delete nodes

: |_ Edit Wiew ‘window Hel
— Add/delete I|nkS l%; = T+t I@|
Export Besults
Biirt ClikP :
Frinter Setup JC I Ick here
Fun Up/Down Pazs Sequencer
Run BALANCE to run the
£ -3 Up/Down
Pass
SECOT SEEI]3
SECD4
| | _'llI

|Ready é'
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The Calculated Up/Down Node Visitation Sequence Can Be
Viewed in Tabular Form

Ew BDEMO Casze Up/Down Sequence
Up Pasz Sequence | Down Pass Sequence

MNode — Mode Sector Lp =

Type  Abbrevistion ode Mame Ahbreviation Sector Mame SequUEence
R= I-LPG LPG Import SECO [mector Cne 1
R= I-Fo FOIL Import SECO [mector Cne 2
RS [-CIL oIl SECO1 Sector One 3
RS Fi Fuel ail SECO4 =ector 04 4
RS 5201 Depletable 201 SECO2 Sectar 2 5
RS TUSRC Thermal Source SECO3 [mectar 3 5
RS sy coE| estern Sumbit Coal SECO3 [mectar 3 7
RS MGAST Platural Gas Mode 1 SEC [mector One g L
RS 2L 12l Miocde: 1 SECO1 Sector One 9
RS DIl Diomestic Cil SECO1 Sector One 10
R ETH Fthanaol SEC [mector One 11
R SOLAR [malar SEC [mector One 12
AL ALz illoc. Mode One SEC [mector One 13
AL ALCC4 illac, Mocde Four SEC [mector One 14 ;I

] | Canicel

This screen also allows the user to manually adjust the
node visitation sequence, if necessary.
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The Up/Down Node Visitation Sequence Can Be Viewed
Directly in the Network

£ Residential Network Elements

Nodes{Up Pass Sequence 3l Lirks:|No Labels - PoliutantlOFM | vear[1991 -]
e n
“oovn Pass Sequence | & The Up pass sequence
S starts from the resource
0 nodes, while the Down
- pass sequence starts
from the demand nodes.
&8 . é £ S
94 g5 85 93 @ Z | 3
o : - @
[Z] <@
8D 12 =
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Each Case Study Can be Stored in a Different Database

| B BALANCE for Windows BE|
Fie Edt Window el
M S e v
B M=%
Study name Last Opened  Description .
]Idnml:l 10/3/2002 This database contains two demonstration cases
Ilvietnam-iaea 9/13/2002 Database with Vielnam GHG cases:

Base Case, DSM Case, Efficiency Case, Muclear Case

rl-lere is the patm

1ME}:|CD Electric A and name Of the Database wilh Mexican Electric Power Seclor Case
database file
i!Maxi:n Electric Sector IH.HMDDZ ~
Create a new
(blank)
I|Mmcu Electric Ianmuuz 7 database
Add an existing
database to this -
\ list
Ok Cancel Delete New Add

CAPROGRA™T\ENFE PWIH\TALANCE \database'\dema. db ||
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The First Step in Developing an ENPEP-BALANCE Network is
to Define the Sectors Included in Your System

"B BALANCE for Windows

File Edit Wew wWindow Help

HHE =2 ppp NS E B P

" MEX-NEB Sectors

RESID

[E]

COPUB

@

AGRI

]

-
B o

% I

LE] [E] [X]

SIDER GLASS SUGAR

CEMEN  PPCHE

X1 [E] [X]

GASOL NATG FOIL

ELT&D

[ ]

ELECT

LPG

FERTI CHEMI MININ PAPER BEER  AUTO

(2] [E] [E] [X] [E] [E]

CONST RUBBE ALUMI TOBAC OTHER BWATE

Z] [&] [X]

DIESE KERDS NENER

COAL

1118

NUCL

|| Pleass use the menu bar ta edit the MEX-NEB sector or sectars
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Each Sector May be Modeled Differently Depending on Data Availability
and Type of Issue Analyzed: Power Sector Can Be Modeled at the Unit

Level

& BALANCE for Windows
File Edit Yiew Window Help
¥z ==2ppp # S W e
¥ Mexico Electric Disp Metwork Elements =JoE3
Nodes: Abbreviation - Links:|Abbreviation -| Pallutant| CH4 -] Yearf1920 -
¥ Hydro Network Elements '-_ii'g! e =
Nades:| Generation | ). Polltant| "1+ - | ‘vear|1333 -]
~|

5 T I - I - B

20 W |

853048379 731,650.334 3.320583.881 g07.883196 7.526.715.128 5082919573

FMIx " -
509 CHAL S )
FofTE ¥ | GEOTH_ [ F COM Network Elements AEX]
2 : : Hodes{ Emission = |itonmel Polutant|C02 | ‘ear|1333 ~| || [v]
3 o4 06 ]
RA
607 Bl
A g cD"zbi'"'{%"
B =
NMTOC
2,015.381.693 2.015.381.693 2,015,381.693 NOx  B81.693
Ph
RAE4 502
e SO
elg12 ALY99
i aufz2
“ "’ K = L) ) &
2.214.006.372 2.214.006.372 2.214,006.372 2.214.006.372
NUCL i [
COAL FOIL DIESE NATG <] o Bl

Please use the menu bar ko edit the COAL network. element or network. elements
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Intersectoral Links Can Connect Energy Networks of Different

Sectors

E Sector 3 Network Elements !IE[E

Link 301
Connects to
Sector 1 LN301
SECO1
K0

hd
b k4
EHONE

-

AN

E Sector One Network Ele

Kl

Link 301 Connects 1

to Sector 3

LN3 FUEL3

LPG

A

A ATt LS
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The Level of Detail May Vary from Simple to Complex:
Example: Simple Fertilizer Industry and More Complex Oil & Gas Sector

E Fertilize Ind Demand Network Elements u@
NodeslAhh'EV'at'Dn LI Links; | Buantty LI[F'J] F’o\lutant:l CHa LI Year|1999 j'
Abbreviation
Marme
Capacity b]
Price
Quantity
Frice Times Quantity
Mo Labels

0.125 -957 I7.655

& BALANCE for Windows =<

Fie Edi View Window Help

@ TS EEPPL HSE R T
F 0il Resource Network Elements
Ng@eﬁjAbbrevia‘ﬂon j Links |No Labels

alF1 alF3 &) &
GSLEx
; X1 X1
0.125 957 [7.655 -

DL LPG

D7b£x Fokx

l—_mﬁl l@l l@l [E] . sv1
DIESE FOIL NATG ELT&D ‘
N \h
< } 1l I > ]M '/

|| Please: use the menu bar to dit the Oil Fissource network element of network slements
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All Network Elements in ENPEP-BALANCE Can Be Accessed

Using a Standardized Simple Menu

"B BALANCE for Windows

File Edit Window Help

DL

g Glass Hetwork Elements

Nodes;lAbbreviation

B P1G4 Conversion Process Mode Properties =

Technical F'rclperLiB'S'l Ecanamic Properties | Emissions Properties i

Single Plart Al Plarts Typical Ot Anput A —
Cutput Capacity  Output Capacity  Capacity Factor Fiatio 1
Year (PJ} (BJ] (Fraction) (Fraction)
[ iR | 12,390 |100,000,000.000 | 0750 | 1.000
| 2000 ] I I I E
B pIG2 Conversion Process Mode Properties
) Technical Properties Economic Properties | Emissions F'rop'ertiesl
Single Plant Capital Operating and Life
Irnve stroent Maintenance Cost Expectancy Interest Rate
Year (§1000} [ETLEN)] {¥ears) iFractiony
C s || 27,000.000 | 0.128 3000 | 0100
| 2000 ] | | |
| 2001 E z T— Frem—
PIG6 Conversion Process Mode Properties
| 2002
r | 2003 Technical Properties I Economic Properties - Emissions Properties I
. EditInput
PIL- Edrt_r'q:__ e [ e | 2004 Uncontrolled
Rename Emission Factor
= | 2005 Follutant Input Based Scale Value Emissiens Tax
Wisw Oukput I_QDDE' Year  Abbreviation iG] Chemical Scale (%] (fitonne)
Rlelale] CH4 0003
I 2007 co 0018
b | 2008 coz 77367 | Carbon |
Cozbi | cambon |
| 2009
[T=1=8 0.000
HMTOC 00085
HOX, 0.170
ELS | P oesz | ash [
502 0995 | Sulfur |
SOX 1410 | Sulfur |
D 2000 CHd
LPG NENER COAL
oK Cancel Duplicate Up Column I Duplicate Down Column I
Ready
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Results Can be Viewed Interactively for Individual Network
Components and the Entire System

1
port =10] x|

| Energy Report | E miz=zions Graph | Emizzions Report | Cost Graph | Coszt Report
—
Stacked Bar ¥ | | Absolute =
n)J — ?£ [Sckedt = [poie 5]

. 35000+
L]
Lluick, Hepnrtam ey
25000+
20000+
15000+
Quick Report 10000+
1.6 hodes: 0.00 L
; . 0TI T Pt P T P P P I I I I I P P P B B I B R R R B B R b B RO S R R
. [taytelialtalinlmlwlm)w)wlelalelalslele)e)s]els)elalele)sleleleleele)slelele]
I_||‘“|I{5 3 285 ?6 [Fa R Ta Y Tal Ta ] o L R oo R i B B e i § i Qe g G G G G Tt Pt P P o P o o o P
. ' . DMI~IDOO2RWEADHOOO SN WA~ OO —= MW R3O

View Trend I B nrs0 B st B LNott [ LNgt2

0K |

1.406

a1
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ENPEP-BALANCE Uses a Standard Methodology to Determine the
Uncontrolled and Controlled Source Emissions

Uncontrolled Fuel Emission Chemical
Ll - = - x x
Emissions Consumption Factor Scale
Controlled _ Uncontrolled

(100 - Control Efficiency) / 100

Emissions = Emissions

A\ ARGONNE
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Emissions Are Calculated and Reported by Node for any
Pollutant the User Specifies

Run Parameters Follutants | Pallution Contrals | Output Codes | MNaon-electric Units | Electric Units
Harne Abbresiation Cherical Scale
[Mathane [CH4 |

|Carb0n Dioxide |CO2 |Carb0n

[Mitrous Oxides 20 |

|N0n hWethane Total Organic Compounds INMTOC I | |
|Nitrogen Oxides |NOX | :} h, MO I
|F'ar1icu|ate tatter Total IF‘M P\Sh

[Sulfur Dioxide 502 [Sulfur | l

oo |

el | Delete

OK% | Cancel

Technical Perertiesl Economic Praperties  Emissions Froperties |CDntrD| Prn:upertiesl

Uncontrolled
Emizsion Factor
Fuollutamnt Input Based ocale Walue Ernissions Tax

Year Ahbreviation (kG0 Chemical Scale %o (FAonne)
1999 CHA 0.001 M’f \‘\
co2 1.349 | Carbon | 77 &0 20.00
N20) 0.002
NMTOC 0.001
MO 0.399
Ph 0.164 Ash 17.50
502 0.598 Sulfur 4.50 100.00
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Environmental Results Can be Viewed Directly in the Network, in
Tables, Simple Graphs, or Exported to EXCEL

1
_ : Qo Network Elements____________________________________________________ HAEE
Enetgy Report | Energy Graph  Emvironmental Report | Environmental Gragph torl Network Elements M= B3
;g;lEmissiun j(tunne) Links:IND Labels j Pollutant| CO2 j Year:l1999 j
Emission Factor All
Input Times CH4 =
Quantity Pollutant Scale valug Emigsians co
year (KBOE} Abbreviation (kQ/GJ) (tonne) s
1999 | 1200 | coO2 | 10464515 | 720,243 .261 NMTOC
co00 [ 1245777888 [ co2 | 104 64515 | 747,719.114 new
2001 | 1282.326003 | CO2 | 10464515 | 775,658.800 502
2002 | 1340.535767 | CO2 | 10464515 | 804,593.232
2003 | 1388497192 | CO2 | 104 64515 | 833,980.013
2004 | 1439.415038 | CO2 | 10464515 | 863,540.841
Selected Pollutant:
rH4 -
N =101
i Energy Report I E mizsions Graph | Emizzions FhaporthS | Coszt Graph | Coszt Report
IStacked Barj IAbsqute j
90000+ (m) (m)>
86.034. 206.481.6 | _l;l
4
60000 :
[ ] [ = = == H
1 |DemaC Expart ta TAT Modes emissions 13-Feb-01 11:40
30000 =2
3 |Base Mb of IMb of b of
| 4 |Year Years MNodes Fallutants  Unit
O_—\—\—\—\—\I\.hl\.)l\.)l\.)l\.)l\.)l\.)l\.)l\.)l\_)I\JI\)I\JI\JMI\JI\JI\JI\JMI\JI\JI\)I\JMI\J i o
8888222282882 22333222222888RRE B 1991 30 79 10 tonne
Year —
&
9 |Sector MNode Type Pollutant 1991 19592 1993 1994
LN145 LN146 LN3Z28 LN3Z29 LMN344 N353 S 2 o e : :
i L i L L 0 10 |AG DE23 DE 0P 1658.296 1741.211 1822.874 1906.544 1
1 |AG DE23 DE 1Pr10 o 0 o -0
ok | 12 |AG DE23 DE 2502 14.31514  15.0302 1573585 16.45812 1
131AG DE23 DE 3INOK 2825357 2966624 3105759 324.8314 C
ARGONNE
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A Help System is Available to Provide Online Support

il .=+ Help for EMPEF for Windows 2.0 M= E3

. File Edit Bookmark Options Help

will change and not all topics may be available at this time.

Help Topics

Hack | Prirt | e

I

Qﬂ] Contents I% lndez-:l ik Eearchl

: @ Introducing the Mew EMPEP for ‘Wind
@ Installation

- @ Gatting Started

- @ Building an Energy Netwark

- @ Input Data Requirements

- Metwork Links and Nodes

@ Running BALANCE

- @ Model Dutputs

@ Debugging the Casze

@ Modeling Hints

@ Recent ENPEP Studies and Reports
- @ Cortacting Argonne

- @ Other Argonne Model:

Welcome to EHPEP

EMPEP iz a powerful integrated software package that alloves the energy analyst to conduct
complete energy system studies. The package incorporates a set of energy planning modules,
with each module addressing a portion of the energy planning need. These modules can be
uzed ether az stand-alone packages or az integral parts of the EMPEP svstem. To enhance
the uzefulness of the system for energy analysis in developing courtries, the model has been
developed to run on personal computers. The modular structure of EMPEP allowes the user to
followy zeveral pathwways and to tailor the analytical approach to the type of analysis.

The MACEC module of EMPEP provides an interface with the economic planning module and its
results. The DEMAMND component takes the infarmation provided by the macroeconomic
module and projects future fuel and electricity consumption. The BALARMCE module iz used to
construct the supply-and-demand balance for the entire energy system. | uses a non-linear,
generalized equilibrium approach to perform theze calculstions. The IMPACTS module
computes the effects of the energy supply-and-demand system defined by BALAMCE. |
addreszes air and water pollution, water supply, land use, solid waste generation, human and
material resource requirements, and occupational health and safety. ENPEP alzo provides
modules to perform a detailed analysis of the electric system portion of the energy sectar. The
uzer feeds data on electric systems into the PLANTDATA module. The ELECTRIC module is an
electric system generation expanzion planning model that wtilizes cost-minimization technigues
to develop & long-term generation expansion plan for the electric system. The MAED module is
uzed to estimate the total energy and electricity demand in the future. The LDC module
develops load duration curves for use by ELECTRIC. The ICARUS module iz a detailed
production-cost model of the electric generating system.

-

Note: The help system is still under construction. Content

ARGONNE

L4 NATIONAL LABORATORY
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Energy System Modeling in ENPEP-BALANCE:

Model Limitations

As with all models, ENPEP-BALANCE has its limitations:

The market share formula needs to be applied carefully to produce realistic
results (particularly from transition from 1st to 2nd year)

The solution is generated year-by-year and is said to be “myopic”

— However, in today’s short-term oriented energy market, this may actually
be an advantage

It is demand-driven
If not set up in sufficient detail, it can be insensitive to price
The ease of use in the WINDOWS interface conceals the sub-models!

Nevertheless, the ENPEP-BALANCE approach is proved to be powerful and
useful if applied correctly;

ENPEP-BALANCE is a tool - and a tool should be used wisely

29



ENPEP-BALANCE is Used by Energy and Environmental
Experts Worldwide to Analyze a Variety of Critical Issues

BMElectric system analysis
— expansion analysis, demand side management
— optimal hydro/thermal dispatch ($, environment)

—deregulation, independent power producers,
power market studies, interconnection studies, etc.

M Total energy system

—overall energy sector
development strategies

—natural gas market analysis
—energy conservation+efficiency

BEnvironmental analysis
—emissions projections for PM, SO,, NO,, etc.
—emissions reduction strategies for PM, SO, and NO,
—emissions trading for SO, and CO, (cap and trade)
— GHG mitigation studies and Kyoto Mechanisms
—waste generation, land use, water pollution

A AR DS
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Information on ENPEP-BALANCE Applications is Available

on our Website

& Home Page of the Center for Energy, Environmental, and Economic Systems Analysis (CEEESA) - Mozilla Firefox

M=

File Edit W¥ew Go Bookmarks Tools Help

- -8

@ yhttp:,l’,iwww‘dis‘anl.goVJ‘CEEESAJCEEESA_home.htm\

|| Customize Links | | Free Hotmail || Windows Media | | Windows

- MSPHRACD(Q-T -0 -F -

CEEESA works with the World Bank and Mexico's Power Company CFE on Wind Power Analysis using the WASP Model ++ Late

What's New at CEEESA

A recent ENPED
analysis for Mexico
shows the cauntry to
substantiaily increase
its refiance on natural
gas for its energy
needs potentially

Gas Infrastiucture

leading to & supply-dermand mbalance....

{more)

The newest version of
GTMax now has a the
capability o interface
with SCADA systams

to run the moagel with
real-time

data...(more)

CEEESA rmodeling
resufts show
substantial economic
benefits of integrating
Southeast ELrope's
power markets...

fmore)

Macroeconomics

Techi ¥

Featured Program: The Evolution of a Hydrogen Infrastructure

Like ather infrastructures, the H2 production and delivery 1
infrastructure is unlikely to evolve smoothly and predictably
but rather in "fits and starts", much like a comples adaptive
system. In addition to technological uncertainties, the
complex interaction environment created by the diverse
ohijectives, decision rules, and operating procedures of the
many participants {or agents) in the H2 marketplace will
play a major role in system evolution. CEEESA collaborates
with other researchers in using various modeling and
simulation techniques to analyze the complex development
and ewolution of a new hydrogen infrastructure...fmore)

Transferring data From www dis.anl.gov...

ARGONNE

NATIONAL LABORATORY

Current Projects &
Model Applications

EMPEP is used by CEEESA staff members as well as energy and
environmental ministries, lending agencies, electric utilities, research
institutes, and energy regulatory commissions around the world. Model
applications cover the entire spectrum of issues found in today’s complex
energy markets:

*

energy policy analysis

*

energy market projections

natural gas market analysis

*

carbon emissions projections

*

projections of criteria pollutants (S02, NOX, etc.)

*

carbon mitigation studies

*

power market studies

deregulation issues

Increasingly, model applications focus on climate-change-related issues. EMPEP climate change
study reports can be downloaded at various web sites, including the United Nations Framework
Convention on Climate Change (UNFECCC) and the U.S. Environmental Protection Agency (EPA).

Click on the map below to get more information on ENPER applications by region. You can also
click on the names of the regions (North/South America; Asia, Africa, Europe)
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